A large number of materials and articles based on polyvinyl chloride (PVC), one of the most high-tonnage industrial polymers, are produced using solvents, including plasticisers -liquid substances introduced into the polymer in order to impart (or increase) elasticity and/or plasticity under processing and service conditions. In this case, a fairly large number of curious and at the same time unexpected effects are observed, connected with decomposition of the PVC and caused by change in the dynamics and structure of the macromolecules.
Translation submitted by P. Curtis A large number of materials and articles based on polyvinyl chloride (PVC), one of the most high-tonnage industrial polymers, are produced using solvents, including plasticisers -liquid substances introduced into the polymer in order to impart (or increase) elasticity and/or plasticity under processing and service conditions. In this case, a fairly large number of curious and at the same time unexpected effects are observed, connected with decomposition of the PVC and caused by change in the dynamics and structure of the macromolecules.
During the thermal degradation of PVC in solutions, a linear relationship is observed between the decomposition rate of PVC (elimination of HCl) and the relative index of basicity of the solvent B (cm -1 ) (ref. 1), which is determined from the displacement of the characteristic band of the HO group in phenol when it is combined with a solvent in SSC (ref. 5) (Figure 1 ). In solvents with B > 50 cm -1 the dehydrochlorination rate is always higher, and with B < 50 cm -1 always lower, than the decomposition rate of PVC in the absence of a solvent. Inert solvents in relation to the decomposition of PVC have hardly been found.
Bearing in mind that the term stabilisation is understood to mean methods or a combination of methods leading to an increase in the resistance of the polymer to the action of different factors, including heat, the observed increase in the inherent stability of PVC in solvents with a basicity B < 50 cm -1 has been termed "solvation stabilisation" of PVC (refs. 6 and 7).
The experimentally discovered influence of ester plasticisers on the thermal decomposition of PVC proved to be an anomaly. With an extremely high basicity This was observed practically for all ester plasticisers, in particular for esters of aromatic and aliphatic dicarboxylic acids (dibutyl phthalate, di-2-ethylhexyl adipinate, -dioctyl sebacinate, and -phthalate, didodecyland diisotridecyl phthalates, etc.) and for oligoester plasticisers, especially the products of transesterification of dibutyl adipinate by propylene glycol-1,2, dibutyl adipinate and a mixture of dibutyl adipinate and dibutyl sebacinate by diethylene glycol, etc., with a concentration in the solution of over 0.5-1.0 wt.%. Meanwhile, the use of very dilute (0.2 wt.% and less) solutions of PVC in ester plasticisers showed that there is no anomaly. Experimental points lie on a common linear dependence (Figure 1 , points 21-24), described fairly strictly by the equation
where V is the dehydrochlorination rate of PVC in the absence of a solvent (mol HCl/base mol PVC s), m is the proportionality factor (cm mol HCl/base mol PVC), and K eff = (0.2 ± 0.03) × 10 -8 s -1 (at 423 K). The observed "anomaly" was shown to be due to the level of the polymer concentration in the solution. These were the first experimental data relating to the unusual influence of change in the dynamics and structure of the macromolecules on the inherent stability of PVC in solution.
Further investigations showed that, with increase in the PVC concentration in solutions, a change is always in fact observed in the decomposition rate of the PVC, and here, which was unusual, in solvents with a high (B > 50 cm -1 ) basicity (for example, cyclohexanone, benzyl alcohol, and so on) the dehydrochlorination rate of PVC decreased with increase in the PVC concentration in solution (the effect of stabilisation of PVC), while in solvents with a low
approached the value of the dehydrochlorination rate of PVC in the absence of a solvent (refs. 8 and 9). The effect proved to be common and characteristic for any solvents used. In fact, with the concentration of weak solutions of polymers, at a certain critical concentration, interaction of macromolecules begins ("polymer-polymer" interaction). With increase in the polymer concentration in the solution there is an increase in the probability of their collision, and associates and agglomerates are formed, their formation occurring even in a thermodynamically good solvent for the polymer (ref. 10) , in particular in cyclohexanone, etc. (Figure 2) .
The presence of supermolecular formations in PVC solutions, both in thermodynamically good and in thermodynamically poor solvents, is indicated by light scattering data (ref . 11) . Similarly, the presence of associates of PVC macromolecules in solution is indicated by viscometry data (Figure 3) . The concentration at which macromolecules in solution begin to be present in appreciable quantity in the form of associates is characterised by a sudden change in the viscosity of the polymer in solution (ref. 12), which also occurred in PVC solutions in all the solvents used in the work. concentration in the solution changes begin only after transfer of macromolecules into associates.
Thus, effects of stabilisation (with B > 50 cm -1 ) and antistabilisation (with B < 50 cm -1 ) during the degradation of PVC in solutions are due mainly to structural and physical factors. With increase in the PVC content in the solution, squeezing of solvent from the macromolecular coils occurs during the structure formation of macromolecules, and the structural and physical state that is possessed by PVC in the absence of a solvent is approached.
It is this that causes the "unexpected" effect of reversal of the influence of the solvent in relation to the thermal decomposition of PVC in solution. Squeezing out of a solvent with B > 50 cm -1 , accelerating the decomposition of PVC, from the coils of PVC macromolecules, i.e. reduction in the quantity of solvent during "polymersolvent" interaction, naturally leads to weakening of its effect on the decomposition of PVC and consequently to slowing down of the elimination of HCl from macromolecules of the polymer, i.e. to its stabilisation. In solvents with B < 50 cm -1 , which cause solvation stabilisation of PVC, i.e. which slow down the decomposition of PVC compared with degradation of the polymer in the absence of a solvent, the low nucleophilic capacity leads to squeezing out of the solvent from the polymer coils and to weakening of its effect on the PVC. This leads to the reverse result -an increase in the elimination rate of HCl from PVC as its concentration in the solution increases, i.e. to antistabilisation.
Change in the degradation rate of PVC in solution during association and aggregation of macromolecules with squeezing out of the solvent from coils and weakening of the "polymer-solvent" interaction is a common effect and is not dependent on the way in which this is achieved: either by concentration of the polymer solution or by its squeezing out from solution, including, which is very important, by chemically inert precipitating agents (heptane, decane, polyolefins, etc.) (refs. 13 and 14) (Figure 4) . The higher the content of the second (inert) component (precipitating agent) or the second inert polymer added to the PVC solution, the more readily associates and agglomerates are formed. As a consequence, there is a change, in accordance with parameter B, in the rate of dehydrochlorination of PVC, with the appearance of the effect of stabilisation (with B > 50 cm -1 ) or antistabilisation (with B < 50 cm -1 ), which is the consequence of change in the structure and dynamics of the macromolecules, i.e. in the structural and physical factors.
The given experimental facts make it possible to introduce terminology and to speak of the structural and physical (but not conformational (ref. 14)) stabilisation and accordingly antistabilisation of PVC during its degradation in solution.
